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ABSTRACT: A field study was conducted during 2014 in fourth year of a medium-term conservation tillage experiment at 

Pothwar dryland Rawalpindi, Pakistan. The soil was sandy clay loam of Kahuta soil series belonging to Udic Haplustalfs. The 

objectives were to investigate the wheat performance in response to changes in soil water retention and related physical 

properties under different variants of conservation tillage. The treatments were arranged in a split-plot design having 

Minimum tillage (MT), Chisel plough (CP), Zero tillage (ZT), and Conventional tillage (CT, control) in main plots and residue 

retained and removed in subplots. Field capacity and permanent wilting point were highest under chisel plow (35.6% and 

8.3%, respectively) while lowest under zero tillage (23.9% and 6.0%, respectively). The highest infiltration rate was also under 

chisel plow (196.5 mmh
-1

) and least under zero tillage (29.5 mmh
-1

). Consequently, volumetric water content was significantly 

higher in chisel plow as compared with all other treatments at both 0-15 cm and 15-30 cm depths throughout the crop period. 

The bulk density was the maximum in zero tillage (1.56 and 1.60 Mg m
-3

) while minimum in conventional tillage (1.24 and 1.27 

Mg m
-3

) at 0-15 and 15-30 cm depths, respectively. The residue incorporation averagely enhanced infiltration rate by 35.4% 

and grain yield by 29.26% than residue removal. The grain yield was statistically similar under all tillage systems. 

Conservation tillage showed better moisture capture, retention and availability to wheat crop while providing equivalent yield 

to current tillage practices in dryland Pothwar. 
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INTRODUCTION 

 Tillage influences soil natural phenomenon and ecological 

processes leading to remarkable changes in soil properties. 

Conservation tillage is defined as any tillage or planting 

system in which at least 30% of the soil surface is covered by 

plant residue reducing water and wind erosion [7,9,28] The 

term includes minimum tillage, direct drilling, zero tillage 

and no-till etc. under its umbrella. It breaks the plough pans 

[17], results in conservation of natural or other resources 

[10], conserves water, protects the topsoil, reduces soil 

compaction, provides protection from the impact of rain drop, 

so that it improves the soil condition compared with 

conventional intensive tillage systems [26;19]. Conventional 

tillage that involves several plowings and disking to prepare 

soil for plantation, and sometimes harrowing and dragging 

during or after plowing to control weeds [19].  It leaves less 

than 15% crop residue over the soil surface.  

In dryland Pothwar region of Pakistan, climate is semi-arid to 

sub-humid, sub-tropical continental where water is the most 

limiting factor for crop production. The occurrence of rainfall 

is unpredictable with high spatial and temporal variation and 

70% rainfall is received during summer monsoon and 

temperatures may rise as high as 50 °C [6]. Further, the 

duration of fallow period is six months that involves intensive 

conventional tillage practices [1,18,21,23]. The routine tillage 

practice in the area is heavy plowing with moldboard plow 

followed by repeated cultivation with tine cultivator for weed 

control and planking for seed bed preparation, which causes 

soil physical disintegration, oxidation and microbial 

decomposition of soil organic matter and structural 

aggregates [16], the repeated plowing at the same depth also 

creates hard pan that causes a blockage in the infiltration of 

water and entry of plant roots. 

Many studies in the irrigated rice-wheat cropping systems of 

Pakistan have revealed that conservation tillage practices can 

increase soil water and nutrient contents, improve soil 

structure and increase crop yields [11;15;30]. However, fewer 

studies have reported the effects of conservation tillage in 

dryland areas of Pakistan.  

Therefore, the present study was carried out to investigate the 

effects of different tillage techniques on temporal soil water 

changes, bulk density, infiltration rate, field capacity and 

permanent wilting point and to observe the effects of these 

changes on wheat production. 

 

MATERIALS AND METHODS 

Experimental Site and Treatments: The study was 

conducted in an ongoing field experiment initiated in 2011 at 

PMAS-Arid Agriculture University Research Farm, Chakwal 

Road (33°11’N, 73°01’E). The research farm is situated in 

semiarid, subtropical continental zone at an altitude of 517.6 

m. Experimental soil was sandy clay loam with sand 56%, silt 

22.8% and clay 21.2% classified as Kahuta soil series 

belonging to Udic Haplustalfs. The research was conducted 

during wheat growing season of year 2013-14.  The 

treatments were arranged in split-plot design replicated four 

times. The total experimental area was 100 m × 60 m (6000 

m
2
)

 
which was divided into sixteen main plots of 27 m × 11 

m (297m
2
) and each main plot was divided into equal halves 

as subplots. Main plot treatments during summer fallow 

period were: Conventional tillage (CT, moldboard ploughing 

at monsoon start and cultivation after each rainfall), 

Minimum tillage (MT, moldboard ploughing at starts of 

monsoon, one cultivation at wheat sowing and weed control 

by cultivator when necessary), Reduced tillage (RT, chisel 

plowing at the start of monsoon, weed control by chemical 

56 
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and wheat sown with zero tillage drill, and Zero tillage (ZT, 

no tillage during fallow period, summer weeds controlled 

through chemical herbicide and crop sown with zero tillage 

drill). And sub-plot treatments were, residues retained (+R) 

and residues removed (–R). 

In CT plots, the soil was ploughed with moldboard plow at 

the start of monsoon followed by 8-10 time shallow 

cultivation with tine cultivator applied after each major 

rainfall for weed control and moisture conservation. Wheat 

sowing in these plots was done with seed-cum-fertilizer drill. 

In MT, the field was also ploughed with intensive moldboard 

on the onset of monsoon and four time cultivation with tine 

cultivator, while sowing was done with conventional seed-

cum-fertilizer drill. In RT, one time chisel plough was 

applied at the start of monsoon and then during fallow period 

weeds were controlled with roundup herbicide (Glyphosate 

@ 1 L acre
-1

) and wheat was sown through direct drilling 

with zero tillage drill. In ZT, field remained undisturbed for 

entire fallow period and weeds were controlled with roundup 

herbicide when needed. Winter wheat was directly sown with 

zero tillage drill. In sub-plot treatments +R involved harvest 

just spikes from the previous crop and retention of all the 

stubbles in field. In case of -R the crop was harvested with 

reaper and there was no crop residues left in field except 

stubbles. The recommended doses of fertilizer NPK i.e. 100-

60-30 in the form of urea, diamonium phosphate (DAP) and 

sulfate of potash (SOP) were used. Wheat was planted on 20 

October 2013 at seed rate of 100 kg ha
-1

 and was harvested 

manually on 5 May 2014. 

Related Soil Physical Properties: Gravimetric water content 

(θm) was determined at different stages of crop growth 0, 102, 

158, 165, 172, 182, 187 and 197 days after sowing (DAS) 

with respect to each treatment and then converted in to 

volumetric moisture content (m
3
 m

-3
) by multiplying with 

bulk density [27]. The field capacity and permanent wilting 

point were measured with pressure membrane apparatus at 33 

and 1500 kPa, respectively [22]. Infiltration was measured 

using double ring infiltrometer [4]. Soil bulk density was 

determined from core samples collected with core sampler of 

5 cm diameter and 5 cm length. The soil from cores was 

weighed after oven drying at 105˚C for 24 hours [9]. 

Crop data: The leaf area index (LAI) was measured at 

different stages of crop growth i.e. 0, 102, 158, 165, 172, 182, 

187 and 197 DAS. The LAI was measured by formula given 

by Dwyer and Stewart (1986): 

Leaf area index (LAI) = L×W×A 

Where L is leaf length, W is the greatest leaf width and A is 

factor having value of 0.80 for wheat crop. Plant heights of 

five plants selected randomly were measured at physiological 

maturity using meter rod. At harvest grains were separated 

from spikes and average grain yield was presented in kg ha
-1

. 

Metrological data: Daily metrological data on daily air 

temperature, humidity, rainfall, solar radiation, pan 

evaporation and wind speed of Chakwal district (Figure 1) 

was acquired from Pakistan Meteorological Department 

Headquarter Office, Islamabad.  

Statistical analysis: The data collected for various 

characteristics were subjected to analysis of variance 

(ANOVA) using split-plot design with tillage systems as 

main-plot and residue management as sub-plots. The means 

were compared at 5% level of significance by Least 

Significance Difference (LSD) test [25]. 

 

RESULTS AND DISCUSSION 

Bulk Density: Statistically highest bulk density of soil was 

observed in plots under zero tillage that was followed by 

chisel plow and then conventional and minimum tillage 

practices (Figure 2). All the tillage treatments showed 

significant lower bulk density when residue was applied as 

compared with no residue.  

High bulk density in zero tillage plots may be due to the 

fewer disturbances which increased soil compaction. 

However, the zero tillage and chisel plow plots are expected 

to have lower bulk densities over time with the buildup of 

organic matter [13]. The least bulk density in conventional 

tillage treatment is due to repeated cultivation for weed 

control that produced more fine and pulverized soil [11]. 

Infiltration: The highest infiltration rate of soil was observed 

in plots tilled with chisel plow followed by conventional 

tillage and minimum tillage plots (Figure 3). But zero tillage 

showed significantly lower infiltration than other treatments. 

All the tillage treatments had significantly higher infiltration 

rate when residue was applied as compared with no residue. 

Thus the interaction of chisel plow with residue application 

significantly had higher infiltration rate as compared to other 

treatment combinations.  

The chisel opened the soil more than other tillage treatments 

and allowed the entry of more water resulting in higher 

infiltration rate. Also the chisel plow breaks lesser aggregates 

and decomposes less organic matter [11] which might also 

have increased the macroporosity of the soil over time thus 

the ease of water inflow. On the contrary moldboard plow 

causes breakdown of aggregates [24], loss of organic matter 

[12] and establishment of hardpan [29] below the plowing 

depth. These factors could have contributed to reduced 

infiltration rate in moldboard plow. The low water infiltration 

under zero tillage might be due higher bulk density as shown 

in Figure 2.  

Field Capacity and Permanent Wilting Point: Statistically 

highest field capacity as well as permanent wilting point of 

soil was observed in plots tilled with chisel plow (Figure 4 a 

& b), followed by conventional tillage and minimum tillage, 

but zero tillage showed significantly low field capacity and 

permanent wilting point than other treatments. No significant 

difference in field capacity was observed when residue 

application was compared with no residue, except in zero 

tillage. However, residue retaining plots had higher 

permanent wilting point under chisel plow and zero tillage.  

. 
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Figure 1. Rainfall, maximum and minimum temperature during experimental period. 

 

 

 

 
Tilage Treatment 

Figure 2 a & b. Soil bulk density as affected by different tillage practices and residue incorporation: (a) 0-15 cm soil 

depth, (b) 15-30 cm soil depth indicating highest bulk density in zero tillage. 

 

 

1.2

1.3

1.4

1.5

1.6

1.7

Conventional
tillage

Minimum
tillage

Chisel plow Zero tillage

b) 15-30 cm  

Tillage treatment 

B
u

lk
 d

en
si

ty
 (

M
g

 m
-3

) 

1.2

1.3

1.4

1.5

1.6

1.7
without residue with residue

a) 0-15 

0.00

5.00

10.00

15.00

20.00

25.00

30.00

35.00

-5

0

5

10

15

20

25

30

35

40

45

Oct
1

Oct
15

Oct
29

Nov
12

Nov
26

Dec
10

Dec
24

Jan
7

Jan
21

Feb
4

Feb
18

Mar
4

Mar
18

Apr
1

Apr
15

Apr
29

May
13

May
27

R
ai

n
fa

ll 
(m

m
) 

Te
m

p
e

ra
tu

re
 °

C
 

Date 

Minimum temp°C

Maximum temp°C

Precipitation (mm)

2014 2013 



1286 ISSN 1013-5316;CODEN: SINTE 8 Sci.Int.(Lahore),29(6),1283-1289,2017 

November-December 

 

Figure 3. Soil infiltration rate affected by different tillage 

practices and residue incorporation indicating 

highest infiltration in chisel plow. 

Higher water retentive capacity of soils indicated by higher 

field capacity and permanent wilting point under chisel plow 

might be due higher aggregation and organic matter content 

of soil. Chisel plow being non-inversion tillage causes lesser 

breakdown of aggregates and decomposition of organic 

matter through physical disintegration and oxidation. The 

micro pores of infiltration rate. Also the chisel plow breaks 

lesser aggregates and decomposes less organic matter [11] 

which might also increased the macroporosity of the soil over 

time thus the aggregates help in better retention of moisture, 

similarly organic matter being a charged entity imparts many 

fold higher water holding capacity to soil than other 

constituents [3;20]. Higher permanent wilting point under 

residue application could also be related to higher organic 

matter content of soil. Least water retentive capacity of zero 

tilled soil could be attributed to higher bulk density (Figure 2) 

than other treatments.  

Volumetric Water Content:  

The VWC throughout the sampling period in both the soil 

depths (0-15 and 15-30 cm), was significantly higher in chisel 

plow with residue retained than all other treatments (Figure 

5). The conventional tillage and minimum tillage had 

equivalent VWC but zero tillage plots had significantly low 

VWC. Significantly higher VWC were observed in residue 

application as compared with no residue. Significant 

differences were observed with respect to days after sowing 

as well. Maximum VWC was observed at 158 DAS and 

minimum at 102 DAS. 

 

 

 

 

Figure 4 (a & b). Field capacity (a) and permanent wilting 

point (b) of soil affected by different tillage 

practices and residue incorporation indicating 

highest moisture at field capacity and wilting 

point in chisel plow. 
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Figure 5. Volumetric moisture content as affected by different tillage practices: (a) 0-15 cm soil depth without residue, 

(b) 0-15 cm soil depth with residue, (c) 15-30 cm soil depth without residue, (d) 15-30 cm soil depth with 

residue indicating volumetric moisture content high in chisel plow. 

 

 

Figure 6. Wheat grain yield affected by different tillage 

practices and residue incorporation indicating highest 

grain yield in conventional tillage 

Greater water content in chisel plow was due to higher water 

infiltration rate as shown in Figure 2, low bulk density 

(Figure 5) and thus increased porosity. The chisel plow is a 

non-inversion tillage practice that might have caused less 

evaporation loss as compared to conventional tillage in which 

the soil moisture is more exposed to aeration. Lowest 

moisture content under zero tillage was due to high bulk 

density of soil as shown in Figure 4, which hindered the entry 

of water. The applied residue retained higher water content 

due to more infiltration as observed in Figure 4, and water 

holding capacity as indicated in Figure 3 (a & b) caused by 

increased organic matter content which provides more 

surface area and charged sites to soil. Akhtar et al. (2005) [2] 

concluded that deep tillage practices were quite effective in 

preserving soil moisture content through precipitation and its 

utilization by the groundnut which is deep rooted crop. [7]  

who concluded that incorporation of residue using chisel 

plow attained significantly higher soil water content than 

other treatments when soil was wet, while when soil dries out 

incorporation of residue using moldboard plow attained 

significantly higher soil water content than all other 

treatments.  

Grain yield: Higher grain yield of wheat was observed in 

conventional tillage and minimum tillage plots followed by 

plots tilled with chisel plow and then by zero tillage. The 

residue application increased the grain yield in all tillage 

plots but increment was not statistically appreciable except in 

conventional tillage. Among all treatment combinations zero 

tillage without residue gave the lowest wheat yield.  
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Keeping in view the higher infiltration rate, moisture 

retentive capacity and VWC under chisel plow, we expected 

higher or equivalent yield under chisel plow. However these 

benefits of chisel plow could not transform into higher yield 

than conventional systems. The lower grain yield in chisel 

plow may be due to problem in zero tillage drill, which 

resulted in poor germination of seeds (data not presented) and 

ultimately reduced the grain yield. The zero tillage drill used 

for wheat sowing was purchased from irrigated rice-wheat 

cultivated area where its benefits on wheat grain yield are 

well known, however, in rainfed areas of Pothwar this 

machine does not appear to be as effective as in irrigated 

areas. This necessitates the improvement of zero tillage 

sowing drill for rain-fed areas. These results are contrary to 

those of [ who reported superior wheat yield under deep 

tillage than shallow tillage. 

 

CONCLUSION:  

Chisel plow improved the capture, retention and availability 

of water in soil than conventional practices as well as zero 

tillage. However, these improvements could not be 

transformed to greater yield of wheat due to poor germination 

caused by inferior performance of zero tillage drill under 

agro-ecological conditions of Pothwar.  
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